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Abstract
Introduction: Among imaging techniques, computed tomography (CT) is a
reliable method for detecting intracranial hematomas in patients with head
trauma, but it is not generally available in special circumstances like prehospi-
tal situations and harsh conditions such as those following an earthquake.
Objective: The objective of this study is to determine if near-infrared spec-
troscopy (NIRS) is useful for performing CT scans on patients with closed
head trauma that present to medical centers that do not have the ability to
perform a CT scan or in prehospital or harsh situations. Near-infrared spec-
troscopy and CT scan were compared according to sensitivity and specificity.
Methods: This was an observational, prospective study. One hundred forty-
eight patients admitted to Rasool Akram General Hospital in Tehran, Iran
with head injuries during a one-month period were studied using NIRS and
CT.The observational, prospective study was conducted and sensitivity, speci-
ficity, positive and negative predictive values of NIRS were calculated. Chi-square
and Kappa analysis was performed, and a p-value <0.05 was considered significant.
Results: According to the CT scan findings, 54 (36.5%) of the patients devel-
oped intracranial hematoma. The NIRS examination showed that 69 patients
(46.6%) might have intracranial hematoma.The number of true negatives was
73 and the number of false negatives was six patients. The sensitivity and
specificity of NIRS examination was 88.9% and 77.7%, respectively.
Conclusions: This study speculates that NIRS may be a useful screening tool
to detect intracranial hematoma. This capability could be useful in special sit-
uations like in a deprived area, medical centers without CT scan capabilities,
prehospital situations, and in harsh conditions like those after an earthquake or
other disasters that causes increased numbers of victims with closed head trauma.
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Introduction
Closed head trauma is one of the most prevalent hospital emergencies.
Patients with closed head trauma may develop intracranial hemorrhage, which
is an important cause of secondary brain injury. Early identification and treat-
ment of intracranial hemorrhage improves neurological outcomes.1
Among imaging techniques, computed tomography (CT) is a reliable
method for detecting intracranial hematomas. However, there are some limita-
tions for using CT. These situations include disasters following earthquakes or
floods, which increase the load of patients with head trauma. This presents a
major challenge in areas in which CT scan facilities do not exist, when the dis-
tance between primary medical centers to a trauma center equipped with CT
scan capabilities is far, and in ambulances. In addition, CT scans require that
patients, many of whom are critically ill, be taken out of the emergency depart-
ment to be scanned, in addition the yield is relatively low when serial scans (for
detecting a delayed hematoma) are obtained in all patients. Clinical monitor-
ing techniques for the accurate selection of patients requiring follow-up CTs
would improve the yield.2–4 Patients with multiple traumatic injuries, who are
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The difference in the OD was calculated for each of the
paired regions. According to the instrument instruction, the
difference in OD >0.45 was considered clinically significant.
Statistical Methods
Statistical comparisons were performed using commercially
available statistics software (SPSS version 15 for windows,SPSS
Inc. Chicago, IL).Values are expressed as mean ±standard devi-
ation. Chi-square and Kappa analysis was performed. The CT
brain scan findings were used as the standard reference to com-
pare the significance of the NIRS system findings. Sensitivity,
specificity, positive and negative predictive values were calculat-
ed. A p-value <0.05 was considered statistically significant.
The researchers were committed to the declaration of
Helsinki Treaty throughout the research, and this study was
approved by the Iran University of Medical Science (IUMS)
Ethical Board.
Results
A total of 148 patients admitted to the hospital due to closed
head trauma were studied.The age of the patients ranged from
11–78 years. The mean value for the ages was 36.8 ±16.69.
Fifty-four patients (36.5%) were female and 94 (63.5%) were
male (male/female ratio = 1.7).The mechanisms of trauma are
listed in Table 1.The mechanisms of trauma were not statisti-
cally different between males and females (p >0.05).
Based on the CT scan findings, 54 patients (36.5%) devel-
oped an intracranial hematoma. Because the CT has been val-
idated for detecting intracranial hematoma, the prevalence of
intracranial hematoma in these patients with closed head trau-
ma was 36.5%. The NIRS examination showed that 69
patients (46.6%) might have an intracranial hematoma. Out of
54 CT scan-detected cases of hematoma, 48 were detected by
the NIRS system.Thus, the sensitivity of the NIRS was 88.9%.
In the group of patients that did not have intracranial
hematoma based on CT scan, 21 (22/3%) were detected to
falsely have one by the NIRS system.Therefore, the specificity
of the NIRS was 77.7%.Positive and negative predictive values,
which could be altered by changing in prevalence, were 69.6%
and 92.4% respectively. Kappa analysis demonstrated that the
agreement between CT and NIRS was 62.8% (Kappa = 0.628),
and it was a statistically significant association (p <0.01).
A logistic regression was performed to evaluate effects
of gender, age, mechanisms of trauma, and Glasgow Coma
Scale (GCS) scores on NIRS findings. The analysis indi-
cated that none of these variables predicted the presence of
a hematoma.Thus, the sensitivity and specificity of a NIRS
examination is independent from gender, age, GCS score,
and mechanisms of trauma.
In the patients studied, three had hematoma in the pos-
terior fossa and nine had a hematoma in the subglial area.
Because NIRS could not detect the hematoma in posterior
fossa and the result from the subglial area was a false posi-
tive, those cases were omitted, and all above parameters
were calculated again. The results are listed in Table 2.
Discussion
The results of this study show that in comparison with CT
scan, NIRS sensitivity and specificity are 88.9% and 77.7%
hemodynamically unstable, and who should undergo emer-
gent surgery, a CT scan should not be performed, as it is
time-consuming. Also, in the emergency department, triage
will become more accurate if physicians can employ avail-
able, non-invasive, and less expensive techniques.
Since the first publication by Jobsis in 1977,5 near-
infrared spectroscopy (NRIS) has been used to investigate
cerebral hemodynamics in a variety of studies.6–8 Near-
infrared spectroscopy is capable of measuring the amount of
oxygen in hemoglobin.9 Simple and non-invasive, NIRS has
been used to monitor cerebral oxygenation and blood flow in
children and adults in diverse conditions.10 It has been used
in severely asphyxiated neonates,11,12 during circulatory
arrest during cardiac surgery,13–15 and in adults with head
injuries.16,17 Absorption of near-infrared (NIR) light in the
brain mainly is caused by hemoglobin. A superficial intracra-
nial hematoma with a higher concentration of hemoglobin
causes a higher absorption in NIRS.The existence of a hem-
orrhage can be demonstrated by the difference of optical
density, comparing identical measuring points at both hemi-
spheres of the brain: absorption of NIR light is greater on the
side of the hemorrhage, causing less reflection in NIRS.18
Delayed intracranial hematoma also is a treatable cause of
secondary brain injury in patients with closed head trauma.
Early identification and treatment of these mass lesions,which
appear or enlarge after the initial CT scan, may improve neu-
rological outcome. Serial examinations using NIRS to detect
the development of delayed hematoma can be performed.19
Methods
In order to find inexpensive, easy to perform, portable, and
non-time-consuming tools used to screen or triage patients
with closed head trauma and intracranial hemorrhage in harsh
situations such as in earthquake-affected areas, non-equipped
centers, or ambulances, NIRS was studied and compared to
CT scan. Sensitivity, specificity, and positive and negative pre-
dictive values of NIRS were calculated. If the sensitivity and
specificity of NIRS would be acceptable, NIRS could be used
for detecting intracranial hematoma in such special situations.
Participants
One-hundred forty-eight patients with head injuries and
who required brain CTs and who were admitted to Rasool
Akram General Hospital during a one-month period in
2007, were studied with both NIRS and CT.
Study Design
An observational, prospective study was conducted. All
patients first were evaluated using a CT scan and then with
NIRS. A CT was repeated if indicated for the purpose of
diagnosing delayed intracranial hematomas. (Six patients
had indication for repeating CTs). The radiologist who
reported the CT scan results and the doctor who used the
NIRS device were blinded from each other’s interpretations.
Clinical Assessments
All of the participants were examined using the NIRS
(CrainScan, BYTEC, Germany).The difference in the opti-
cal density (OD) between the two sides was determined.20
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A previous study demonstrated that NIRS performed in the
emergency department reliably identified the presence of a trau-
matic, intracranial hematoma in each of 40 patients in whom a
CT scan also revealed the presence of a hematoma.17 In anoth-
er study, the sensitivity and specificity of NIR measurement was
98% and 100%, respectively.21 Higher sensitivity and specificity
of both these studies than the current study may be due to bet-
ter quality instruments. Attempts should continue in order to
reach higher quality in NIRS instruments.
Conclusions
Due to its positive characteristics such as safety, easy perfor-
mance, portability, non-time-consuming usage, inexpensive
preparation and nearly acceptable sensitivity and specificity,
NIRS could be used as a screening tool for performing CT
scans in patients with closed head trauma. This approach is
most useful in harsh situations after earthquakes and
floods, when the distance between primary medical centers
to a trauma center equipped with CT scanning equipment
is far and in ambulances.
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respectively, and when posterior fossa and subglial
hematomas were excluded, the sensitivity and specificity
increased significantly. This result is important because it
may help to find a more reliable device to use as a screen-
ing tool of patients with closed head trauma.
Although the results are statistically significant, the short
study period, limited number of patients, and the inclusion all
patients with CT scan indication instead of a random selec-
tion of patients are limitation of this study.These could not be
prevented due to budget and time restraints. Furthermore,
NIRS may have some limitations. Optical differences
between right and left were not significant for deeply located
lesions, bilateral abnormalities, and small hematomas. In
addition, NIRS is not a reliable tool for detecting of
hematoma in the posterior fossa and subglial region.
On the one hand, NIRS could be considered a portable,
simple, non-invasive screening tool to identify large, super-
ficially placed, unilateral, intracranial hematoma.20 Early
identification of delayed hematomas before any neurologi-
cal consequences occur is another benefit of NIRS. One
study showed that even if the serial CT scans were per-
formed on every patient within the first 24 hours post-
injury, no more information would be obtained than with
the serial NIRS examinations.2 Therefore, early diagnosis
using NIRS may allow early treatment and reduce sec-






Accident 66 (70.2) 39 (72.2) 105 (70.9)
Falling Down 15 (16) 10 (18.5) 25 (16.9)
Fight 11 (11.7) 4 (7.4) 15 (10.1)
Exercise 2 (2.2) 1 (1.9) 3 (2)
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Table 1—Mechanisms of trauma in patients who were
admitted in Rasool Akram General Hospital over a one-
month period
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Table 2—The sensitivity, specificity, positive and negative













94.1 77.7 69.6 96.1
Without subglial
hematoma 88.9 85.9 80.0 92.4
Without either 94.1 85.9 80.0 96.1
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